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The compounds BaMn2As2 and BaFe2As2 both crystallize in the body-centered-tetragonal 
ThCr2Si2-type (122-type) structure at room temperature but exhibit quite dilferent unit cell vol- 
umes and very different magnetic and electronic transport properties. Evidently reflecting these 
disparities, we have discovered a large miscibility gap in the system Ba(Mna;Fei_a;)2As2. Rietveld 
refinements of powder x-ray diffraction (XRD) measurements on samples slow-cooled from 1000 °C 
to room temperature (RT) reveal a two-phase mixture of BaMn2As2 and Ba(Mno.i2Feo.88)2As2 
phases together with impurity phases for x = 0.2, 0.4, 0.5, 0.6 and 0.8. We infer that there exists a 
miscibility gap in this system at 300 K with composition limits 0.12 ^ 1 ^ 1. For samples quenched 
from 1000 °C to 77 K, the refinements of RT XRD data indicate that the miscibility gap at RT 
narrows at 1000 °C to 0.2 < a: < 0.8. Samples with x = 0.4, 0.5 and 0.6 quenched from 1100- 
1400 °C to 77 K contain a single 122-type phase together with significant amounts of Fei_a;Mna;As 
and FeAs2 impurity phases. These results indicate that the system is not a pseudo-binary system 
over the whole composition range and that the 122-type phase has a significant homogeneity range 
at these temperatures. Magnetic susceptibility x, electrical resistivity p and heat capacity measure- 
ments versus temperature T of the single-phase quenched polycrystalline samples with x = 0.2 and 
0.8 are reported. We also report attempts to grow single crystals of the substituted compounds 
Ba(Mni_^Ti:)2As2 (T = Cr, Fe, Co, Ni, Cu, Ru, Rh, Pd, Re, Pt) and BaMn2(Asi-^Sbx)2 out of 
Sn fiux. Energy dispersive x-ray analyses show that most of these elements do not substitute into 
the lattice in amounts greater than 0.5%. However, concentrations of 4.4%, ~ 10% and 2.6% were 
achieved for Cr, Fe and Sb substitutions, respectively, and x{T) and p{T) data for these crystals 
are presented. 

PACS numbers: 74.70.Xa, 64.75. Nx, 75.40.Cx, 75.50.Ee 



I. INTRODUCTION 

The discovery-'^ of superconductivity at 26 K in 
LaFeAsOi_a;Fa; with the tetragonal ZrCuSiAs-type 
structure in 2008 motivated many efforts to understand 
the superconducting pairing mechanism and to discover 
additional families of Fe-based superconductors.^ New 
parent compounds ^Fe2As2 {A = Ba, Sr and Ca) that 
crystallize in the related tetragonal ThCr2Si2-type (122- 
type) structure, together with other families, were soon 
discovered.^ Among 122-type materials, BaFe2As2 has 
gained much attention as a parent compound because 
superconductivity can be induced in this material by var- 
ious means, i.e., by applying pressure'^"^ and by substitu- 
tions at the Ba site (by K)^, at the Fe site (by Co, Ni, Ru, 
Rh, and Pd),^''' and at the As site (by P).® An interesting 
result is that while electron doping by Co, Ni, Rh and 
Pd at the Fe site in BaFe2As2 induces superconductivity, 
hole doping by Cr and Mn for Fe does not.^"^^ 

The reported experimental results and electronic struc- 
ture calculations demonstrate that the physical proper- 
ties of BaCr2As2 and BaMn2As2 are significantly differ- 
ent from those of BaFe2As2.^'^"^^ In particular, the unit 
cell volume of BaMn2As2 (234.12 A'^) is much larger than 
that of BaFe2As2 (204.38 A^),^ in spite of the fact that 
Mn and Fe are Zd transition-metal neighbors in the Peri- 
odic Table. This divergence suggests that the Mn+^ is in 
a high-spin state while, in a local moment model, Fe+^ 
is in a low-spin state. BaMn2As2 is an antiferromagnetic 
insulator with a large ordered moment of 3.9/XB/Mn and 



a high Neel temperature Tn — 625 K (Ref. 16) whereas 
BaFe2As2 is an itinerant antiferromagnet with a much 
lower ordered moment of O.O/xb/Fc and a much lower 
Tn = 137 K.^ In addition, the antiferromagnetic struc- 
ture of BaMn2As2 is Neel-type (G-type or checkerboard- 
type) with the ordered moments aligned along the tetrag- 
onal c axis,"'^^ whereas that of BaFe2As2 is a type of anti- 
ferromagnetic stripe structure with the ordered moments 
aligned in the ab plane. ^ 

There have been a number of investigations of iron- 
arsenide compounds in which the Fe is partially sub- 
stituted by Mn.^°'^^d7-22 p^j, ^Fe2As2-type materials, a 
maximum of 17.6% and 18% Fe substitution by Mn was 
reported for BaFe2As2 (Ref. 12) and SrFe2As2 (Ref. 18), 
respectively. Although the Mn doping leads to suppres- 
sion of the magnetic and structural transitions to lower 
temperatures, the reported results suggest that doping 
with Mn is detrimental to the occurrence of superconduc- 
tivity and in most cases it leads to a magnetic and more 
resistive ground state. It has been reported that 
in hole-doped systems, besides the changes in the elec- 
tronic structure introduced by the dopant, the resultant 
variation of the Fe-As bond length plays a crucial role in 
defining the nature of the ground state. ^^'^^ The varia- 
tion of Fe-As bond length for K- and Mn-doped SrFe2As2 
is significantly different.^® In none of these studies of 
yl(Mna;Fei_2;)2As2 systems was the possible existence of 
a miscibility gap in the phase diagram mentioned. 

The peculiar properties of BaMn2 As2 suggest that this 
compound may be a bridge between the BaFe2As2-type 
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materials and the more ionic high-Tc cuprates.^"'''^® This 
in turn suggests that if BaMn2As2 could be doped into 
the metallic state, the resulting compounds might have 
interesting superconducting properties. This possibility 
motivated our attempts to grow single crystals of sub- 
stituted BaMn2As2, as will be discussed. However, we 
found that the attempted substitutions usually failed to 
achieve concentrations above 0.5%. In the case of Fe sub- 
stitutions for Mn, the single crystals contained a maxi- 
mum of ~ 10% Fe substituted for Mn. It was not clear 
to us whether such limits arose from peculiarities of the 
crystal growths, or were intrinsic to the equilibrium phase 
diagrams. To investigate this question, we chose to study 
Ba(Mna;Fei_2:)2As2 in more detail as a prototype system 
using polycrystalline samples. We discovered a wide mis- 
cibility gap in this system in slow-cooled samples, which 
only narrows slightly for samples quenched from 1000 °C 
to 77 K. Magnetic susceptibility x> electrical resistiv- 
ity p and heat capacity Cp versus temperature T data 
for single-phase polycrystalline Ba(Mno.2Fco.8)2As2 and 
Ba(Mno.8Feo.2)2As2 samples quenched from 1000 °C will 
be reported. We also present p{T) and/or x^) data for 
several of the above-mentioned lightly-doped crystals. 

The remainder of the paper is organized as fol- 
lows. The experimental details are given in Sec. II. 
The phase analyses and structures of polycrystalline 
and single crystal samples with nominal composition 
Ba(Mna;Fei_a,)2As2, which establish the miscibility gap, 
are given in Sec. III. The physical properties of 
the single-phase polycrystalline Ba(Mno.2Fco.8)2As2 and 
Ba(Mno.8Feo.2)2As2 samples quenched from 1000 °C are 
presented in Sec IV. Our x(^) and p{T) data for sub- 
stituted single crystals of BaMn2As2 are presented in 
Sec. V. A summary of this work and our conclusions 
are given in Sec. VI. 



II. EXPERIMENTAL DETAILS 

Polycrystalline samples of Ba(Mnj;Fei_2,)2As2 {x = 
0.2, 0.4, 0.5, 0.6 and 0.8) were synthesized by solid state 
reaction using Ba (99.99%) from Signia-Aldrich, and Fe 
(99.998%), Mn (99.95%) and As (99.99999%) from Alfa- 
Aesar. Stoichiometric mixtures of the elements were pel- 
letized and placed in alumina crucibles that were sealed 
inside evacuated silica tubes. The samples were heated 
to 585°C at a rate of 40°C/h, held there for 20 h, then 
heated to 620 °C at a rate of 7°C/h, held there for 20 h, 
and finally heated to 750 °C at 30°C/h and held there 
for 25 h. The samples were then thoroughly ground, pel- 
letized and again sealed in evacuated silica tubes. The 
samples were fired at 750 °C and then at 1000 °C for 
20 h and 80 h, respectively, followed by furnace-cooling 
("slow-cooling"). For quenching experiments, pressed 
pellets were wrapped in Ta foil and sealed in silica tubes 
containing ~ 1/3 atm of Ar. The tubes were then heated 
to temperatures ranging from 1000 to 1400 °C for 2-20 h 
and then quenched into liquid nitrogen at 77 K. There 



TABLE I: Measured values of the content of transition met- 
als (T = Cr, Fe, Co, Ni, Cu, Ru, Rh, Pd, Re and Pt) 
and Sb present in the Sn-grown Mn- and As-rich crystals of 

Ba(Mni_2;ra;)2As2 and BaMn2(Asi_a;Sb2,)2, respectively. A 
value of "0" means that the EDX measurement software gave 
this value with no error bars. The Sn content is the atomic 
fraction with respect to the total transition metal content. 
The Fe-substituted sample with high Fe concentration marked 
by an asterisk is Crystal- 1 in Table III below, for which the Fe 
and Sn concentrations at two different points on the crystal 
surface were measured. 



Substitutions 


Site 


Amount (%) 


Sn-contcnt ( 


Cr 


Mn-site 


4.4 ±0.9 


0.7 ±0.5 


Fe 


Mn-site 


9.9 ± 0.5 


0.6 ±0.1 


Fe* 


Mn-site 


91.3 ±0.9 


2.7 ±0.3 






91.6 ±0.9 


1.9 ± 0.1 


Co 


Mn-site 


0.2 ± 0.3 


0.2 ±0.1 


Ni 


Mn-site 


0.1 ±0.2 


"0" 


Cu 


Mn-site 


0.5 ±0.3 


0.5 ±0.1 


Ru 


Mn-site 


0.2 ±0.9 


"0" 


Rh 


Mn-site 


0.2 ±0.3 


"0" 


Pd 


Mn-site 


"0" 


0.4 ±0.1 


Rc 


Mn-site 


"0" 


0.3 ±0.3 


Pt 


Mn-site 


"0" 


0.5 ± 0.3 


Sb 


As-site 


2.6 ±0.3 


0.3 ±0.2 



was no evidence that the samples reacted with either the 
Ta foils or the silica tubes during these quenching exper- 
iments. 

Structural characterization of the polycrystalline sam- 
ples was performed using powder x-ray diffraction (XRD) 
data obtained from a Rigaku Geigerflex powder diffrac- 
tometer and CuKq, radiation. The FuUProf package was 
used for Rietveld refinement of the XRD data.^"^ 

Attempts to grow single crystals of Ba(Mni_j,Ta;)2As2 
(T = Cr, Fe, Co, Ni, Cu, Ru, Rh, Pd, Re and Pt) 
and BaMn2(Asi_2;Sb2;)2 were made using Sn flux. To 
begin, polycrystalline samples of Ba(Mni_^Tj,)2As2 or 
BaMn2(Asi_a,Sbx)2 were synthesized using the method 
described above and then ^ 200 mg of a sample was 
placed in an alumina crucible together with Sn, using 
a sample to Sn molar ratio of 1 : 45. The top of the 
crucible was packed with quartz wool. The alumina cru- 
cible was sealed inside a silica tube under a pressure of 
^1/3 atm Ar. The sample was heated to 1100 °C at a 
rate of 40°C/h, held there for 40 h, and then cooled to 
either 700 °C or 900 °C at a rate of 4°C/h. At the re- 
spective temperature the Sn flux was decanted using a 
centrifuge. The typical size of the shiny plate-like crys- 
tals obtained was 2 x 2 x 0.2 mm^. 

The chemical compositions of the crystals grown in 
Sn flux were measured by energy dispersive x-ray (EDX) 
analysis using a JEOL scanning electron microscope. The 
EDX results showed that most growth attempts resulted 
in substitutions of less than 0.5% except for the cases of 
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Cr, Fe and Sb where 4.4%, - 10% and 2.6% substitu- 
tions were obtained, respectively, as shown in Table I. A 
more detailed study of the compositions of Fe-substituted 
crystals is given in Sec. IIIC. 

An interesting result is that in contrast to the case 
of BaFe2As2 crystals grown in Sn flux where up to 2- 
3 at% of Sn with respect to Fe becomes incorporated 
into the crystals^"* that drastically modifies their physi- 
cal properties, ^^"^^ Sn enters the crystal lattice of pure or 
lightly substituted BaMn2As2 in much smaller amounts 
(see Table I). Consistent with this result, our lightly Cr-, 
Fe- and Sb-substituted crystals were found to have mag- 
netic properties very similar to those of pure BaMn2As2, 
as will be shown in Sec. V. 

Field- and temperature-dependent magnetization mea- 
surements were carried out using a superconducting 
quantum interference device magnetometer (Quantum 
Design, Inc.). Heat capacity measurements were done 
using a thermal relaxation technique with a Quantum 
Design physical property measurement system (PPMS). 

Electrical resistivity measurements were carried out us- 
ing a four-probe ac method in the PPMS. Contacts of the 
0.05 mm diameter Pt electrical leads to the samples were 
made using silver epoxy for the polycrystalline samples 
and Ing8Ag2 solder for the crystals. The measurement 
current amplitude and frequency were 1 mA and 38 Hz 
for the polycrystalline samples, and 0.01 mA and 38 Hz 
and 18 Hz for the Fe- and Cr-doped crystals, respectively. 
The room-temperature contact resistances were 4-5 
for the quenched polycrystalhne Ba(Mno.8Feo.2)2As2 and 
Ba(Mno.2Feo.8)2As2 samples and 0.1 and 1 kfi for the Cr- 
and Fe-doped BaMn2As2 crystals, respectively. The va- 
lidity of the resistivity data was verified by examining 
the voltage waveform at representative temperatures for 
each sample. 



III. MISCIBILITY GAP IN THE 

Ba(Mn:,Fei_^)2As2 SYSTEM 
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FIG. 1: (Color online) (a) Room-temperature powder 
XRD pattern (open circles) of a slow-cooled sample 
of Ba(Mno.8Feo.2)2As2. The solid line is a two-phase 
(BaMn2As2-rich and BaFe2 As2-rich phases) Rietveld refine- 
ment fit. Difi'erence profile and Bragg positions of both phases 
are also shown, (b) Room temperature powder XRD pattern 
(open circles) of a quenched (1000 °C to 77 K) sample of 
Ba(Mno.8Feo.2)2As2, along with the Rietveld fit, difference 
profile and Bragg peak positions. 



A. Slow-Cooled Polycrystalline Samples 

A room-temperature XRD pattern of a slow-cooled 
sample of Ba(Mno.8Feo.2)2As2 is shown in Fig. 1(a). 
The XRD data for the sample indicate that the sam- 
ple contains a significant amount of impurities, mainly 
Fei_a;Mna;As. We refined the XRD data using a two- 
phase (BaMn2As2-rich and BaFe2As2-rich phases) Ri- 
etveld refinement but did not include the impurity 
phases in the refinement. For each 122-type phase, 
the data were refined in the body-centered-tetragonal 
space group lA/mmm using the atomic positions of the 
ThCr2Si2-type structure.^ Figure 1(a) shows the Ri- 
etveld fit, the difference profile between the data and 
fit, and the fitted line positions. The room tempera- 
ture powder XRD pattern of the slow-cooled sample of 
Ba(Mno.2Feo.8)2As2 is shown in Fig. 2(a). Similar to 
the case of Ba(Mno.8Feo.2)2As2 in Fig. 1(a), the slow- 



cooled sample of Ba(Mno.2Feo.8)2As2 contains a signifi- 
cant amount of impurities. A two-phase Rietveld refine- 
ment of the data was carried out in the same way as 
for Ba(Mno.8Feo.2)2As2 to obtain the unit cell parame- 
ters and the volumes and percentage molar fractions of 
BaMn2As2-rich and BaFe2As2-rich phases. This fit is 
shown in Fig. 2(a). 

Similar to the above cases of Ba(Mno.8Feo.2)2As2 
and Ba(Mno.2Feo.8)2As2, the slow-cooled samples of 
Ba(Mni_a;Fea:)2As2 {x — 0.4, 0.5 and 0.6) also contain 
phase-separated mixtures of the Fe-rich and Mn-rich 122- 
type phases together with impurity phases. We carried 
out similar two-phase Rietveld refinements of the XRD 
patterns of these samples for the Mn-rich and Fe-rich 
122-type phases. The a and c lattice parameters and the 
unit cell volumes of the BaMn2As2-rich and BaFe2As2- 
rich phases in Ba(Mna;Fei_a:)2As2 are listed in Table II 
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TABLE II: Crystal data at room temperature for the 122-type phase(s) in slow-cooled (SC) and quenched (Q) phases of 
polycrystalline Ba(Mn2,Fei_a;)2As2 (x = 0.2, 0.4, 0.5, 0.6 and 0.8). All samples except for the quenched Ba(Mno.2Feo.8)2As2 
and Ba(Mno.sFeo.2)2As2 samples also contained impurity phases. The temperature in parentheses following a "Q" symbol is 
the temperature from which the sample was quenched. The crystal data were obtained from Rietveld refinements of powder 
XRD data in the body-centered-tetragonal space group lA/mmm using the atomic positions of the ThCr2Si2-type structure.'^ 
The tetragonal lattice parameters are a and c and Vcoii is the unit cell volume. M represents transition metal atoms (Mn and 
Fe), zas is the c-axis position parameter of As, (Im- As is the Mn/Fe-As bond distance and O2 is the twofold As-M-As bond 
angle^ within a distorted M-centered MAs4 tetrahedron. 
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and plotted versus nominal Mn content x for all five sam- 
ples in Fig. 3, together with data^ for a; = and x = 1 
from the literature. The corresponding volume and mo- 
lar fraction of the BaMn2As2-rich phase in the samples 
are plotted versus nominal Mn concentration x in Fig. 4. 
Since impurity phases were not accounted for in the re- 
finements, the values of the molar fraction in Fig. 4 rep- 
resent the relative fractions of the BaMn2As2-rich and 
BaFe2As2-rich phases. 

Considering Vegard's law shown in Fig. 3 and the 
straight-line fit to the data in Fig. 4, the data in these 
two figures consistently indicate that a miscibility gap 
occurs in the Ba(Mna:Fei_a;)2As2 system at 300 K (for 
the slow-cooled samples) that has the composition range 
0.12 < X < 1. That is, about 12% of Mn can be substi- 
tuted for Fe in BaFe2As2 but almost no Fe can be sub- 
stituted for Mn in BaMn2As2. In the following section 
we investigate whether the miscibility gap boundaries are 
temperature-dependent . 



B. Quenched Polycrystalline Samples 

The Rietveld refinement of the powder XRD data for 
a Ba(Mno.8Feo.2)2As2 sample quenched from 1000 °C to 
77 K, shown in Fig. 1(b), indicates that the sample is 
a single phase, with no evidence of phase separation of 
different compositions of 122-type phases or of impurity 



phases. The unit cell volume calculated from the lat- 
tice parameters is 229.11(3) A"*, which is 2.19% smaller 
than that of pure BaMn2As2. Similarly, Rietveld refine- 
ment of a quenched Ba(Mno.2Feo.8)2As2 sample shown 
in Fig. 2(b) exhibits an excellent fit to the data for a 
single 122-type phase with no evidence for any impuri- 
tiy phases. The volume of the unit cell is 210.06(1) A^, 
which is 2.78% larger than that of pure BaFe2As2, as ex- 
pected for a single-phase sample. These observations and 
those above in Sec. Ill A demonstrate that BaMn2As2 
and BaFe2As2 are miscible at 1000 °C at the composi- 
tions Ba(Mno.8Fco.2)2As2 and Ba(Mno.2Feo.8)2As2 but 
phase-separate when slowly cooled from this tempera- 
ture. 

In contrast to the samples with compositions x = 0.2 

and 0.8 that were single-phase when quenched from 
1000 °C to 77 K, the samples with x = 0.4, 0.5 and 0.6 
synthesized under identical conditions were manifestly 
multi-phase, demonstrating that the miscibility gap at 
1000 °C is 0.2 < X < 0.8. The x-ray patterns of the 
latter three compositions were too ill-defined to be able 
to obtain reliable Rietveld refinements using them. On 
increasing the temperature to 1100-1400 °C from which 
the samples were quenched (see Table II), multi-phase 
samples were still obtained but for which the x-ray pat- 
terns could be refined assuming an approximately sin- 
gle 122-type phase plus impurity phases, suggesting that 
the miscibility gap does not close even at 1400 °C. For 
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FIG. 2: (Color online) (a) Room temperature pow- 
der XRD pattern (open circles) of a slow-cooled sam- 
ple of Ba(Mno.2Feo.8)2As2. The solid line is a two-phase 
(BaMn2As2-rich and BaFe2As2-rich phases) Rietveld refine- 
ment. The difference profile and Bragg peak positions of 
both phases are also shown, (b) Room-temperature pow- 
der XRD pattern (open circles) of a single-phase sample of 
Ba(Mno.2Feo.8)2As2 obtained by quenching from 1000 °C to 
77 K, along with the Rietveld refinement fit, difference profile 
and Bragg peak positions. 
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example, shown in Fig. 5 are powder XRD data for 
Ba(Mno.5Feo.5)2As2 samples that were either slow-cooled 
from 1000 °C or quenched from 1400 °C as representative 
of the X = 0.4, 0.5 and 0.6 compositions. Both sam- 
ples contain impurity phases that are mainly FeAs2 and 
Fei_j;Mnj;As. A two-phase Rietveld refinement of the 
XRD data for the slow-cooled sample in Fig. 5(a) yields 
the unit cell volumes and percentage molar fractions of 
BaMn2As2-rich and BaFe2As2-rich phases shown in Ta- 
ble I and Figs. 3 and 4 that were discussed above in 
Sec. Ill A. The powder XRD pattern of the quenched 
sample in Fig. 5(b) indicates that the sample contains 
an approximately single 122-type phase in addition to 
impurity phases. The calculated unit cell volume of the 
122-type phase is 225.74(5) A'^, which suggests a signifi- 
cant mixing of BaMn2As2 and BaFe2As2 at 1400 °C, but 



FIG. 3: (Color online) Variations of the tetragonal lattice 
parameters a and c and of the unit cell volumes for the 
BaMn2As2-rich and BaFe2As2-rich phases present in slow- 
cooled poly crystalline samples of Ba(Mna;Fei_a;)2 As2 versus 
the nominal Mn concentration x. These data indicate the 
presence of a misibility gap in the composition range 0.12 < 
X < 1 at 300 K. Also shown are data for quenched samples, 
within which only the x = 0.2 and x = 0.8 samples were 
single-phase. Error bars are appended to the data points and 
are smaller than the size of the symbols. 

as noted this sample is not single-phase. The crystal data 
for these quenched samples with compositions x — 0.4, 
0.5 and 0.6 are summarized in Table II and Figs. 3 and 4. 

The results in this section indicate that the miscibility 
gap 0.12 < a; < 1 at 300 K has narrowed to 0.2 < a; < 0.8 
at 1000 °C. The occurrence of a single 122-type phase 
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FIG. 4: (Color online) Volume and molar fractions of 
the BaMn2As2-rich phase as a function of nominal Mn 
concentration x in slow-cooled samples of polycrystalline 
Ba(Mna;Fei_a;)2As2. The straight-line fit indicates that the 
miscibility gap at 300 K has the composition range 0.12 < 
a; < 1, consistent with the crystal data in Fig. 3. 



plus impurity phases for samples with 0.2 



< 



< 0. 



quenched from 1100 to 1400 °C suggests the existence of 
a homogeneity range at these temperatures for the 122- 
type phase. 



C. Ba(Mna;Fei_i:)2As2 Single Crystals 

Two batches of Ba(Mn2:Fei_2:)2As2 crystals were 
grown in Sn flux from a polycrystalline sample of nominal 
composition Ba(Mno.5Feo.5)2As2 by slowly cooling from 
1100 °C as discussed in Sec. II. The molten Sn flux was 
decanted at either 700 or 900 °C by removing the silica 
tube from the oven at the respective temperature and 
quickly placing the inverted tube into a centrifuge that 
spun up within ^ 10 s. This procedure is equivalent to 
a slow quench of the crystals to room temperature from 
the respective temperature. Examples of such crystals 
are shown in Fig. 6. The compositions of many crystals 
from the two batches at up to six points on each crys- 
tal were measured using EDX and representative results 
are shown in Table III. The data for the crystals ex- 
amined demonstrate that a miscibility gap exists in the 
Ba(Mn2;Fei_a;)2As2 system, with a composition range of 
0.16 < X < 0.93 at 700 °C and an upper limit to x that 
decreases somewhat to Xmax ~ 0.89 at 900 °C, quali- 
tatively similar to our results above on polycrystalline 
samples. Note that Crystal-3 obtained by decanting the 
Sn flux at 700 °C showed a ^ ±30% variation in the Mn 
concentration at different points on the crystal. 

Among eleven crystals for which the Sn flux was de- 
canted at 900 °C that were examined by EDX analysis 
(only five of which are shown in Table III), none were 
found to be Fe-rich even though such crystals were found 



8000 - 



a 6000 

3 



4000 



» 2000 





-2000 
-4000 

8000 

^ 6000 

'B 
p 

-6 4000 



(a) 



Ba(Mn„/e„,)^As^ 



(Slow cooled) 




lobs 

leal 

lobs-Ical 

1 BaMn As -rich 



I I II I II I I I mil I III II iiiiii ■ iiiiiii iiiiiiiiiiiiii 

I 1 1 I II I I III II I I II IIIIII I II III IIIIIII II IIIIIII IIIIII. 



2000 



-2000 



20 40 60 80 

20 (degree) 
— I 



100 



(b) 



1 ' 1 ' r 

Ba(Mn„/e„p^As^ 

(Quenched at 1400 °C) 



lobs 
leal 

lobs-Ical 
Bragg Positions 




MM II I I I Hill I III 11 IIIIII II II IIIIIII IIIIIII I IIIIII 




20 40 60 80 
29 (degree) 



FIG. 5: (Color online) Room-temperature powder XRD 
patterns (open circles) of (a) a slow-cooled sample of 
Ba(Mno.5Feo.5)2As2 and (b) a Ba(Mno.5Feo.5)2 As2 sample 
quenched from 1400 °C to 77 K. The solid curve in (a) 
is a two-phase (BaMn2 As2-rich and BaFe2As2-rich 122-type 
phases) Rietveld refinement fit whereas in (b) only a single 
122-type phase is seen. Difference profiles and Bragg peak po- 
sitions of the fitted phases are also shown. Bragg peaks from 
impurity phases which are mainly Fei-iMn^As and FeAs2 
are also seen in the XRD patterns for both samples. 



when the Sn flux was decanted at 700 °C. This differ- 
ence suggests that Fe-rich crystals grow in Sn flux only 
between 700 and 900 °C when the starting composition 
is Ba(Mnn.5Feo.5)2As2. 



IV. PHYSICAL PROPERTIES OF 
SINGLE-PHASE QUENCHED 
POLYCRYSTALLINE Ba(Mn^Fei^)2As2 
SAMPLES {x = 0.2, 0.8) 

A. Electrical Resistivity Measurements 

The p(T) data for the single-phase quenched 
polycrystalline samples of Ba(Mno.8Feo.2)2As2 and 
Ba(Mno.2Feo.8)2As2 are shown in Fig. 7. The large 
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FIG. 6: Scanning electron micrographs of Ba(Mn2,Fei_a;)2As2 
crystals grown in Sn flux from a starting composition of 
Ba(Mno.5Feo.5)2As2 upon slowly cooling from 1100 °C. The 
top picture shows "Crystal-2" which contains intergrowths of 
crystals with compositions as listed for Crystal-2 in Table III 
for which the decanting temperature was 700 °C. The bot- 
tom picture is of a large single crystal "Crystal-8" (and a 
small crystal of the same composition attached to it on the 
bottom right) with the composition given for Crystal-8 in Ta- 
ble III) for which the decanting temperature was 900 °C. In 
both pictures, the large flat surfaces in the foreground are the 
ab planes of the crystals. 



magnitudes and semiconducting-like temperature depen- 
dences suggest nonmetallic ground states for both com- 
pounds. However, we emphasize that electronic trans- 
port measurements on polycrystalline samples can give 
spurious results. Measurements on single crystals are 
needed for definitive electronic transport characteriza- 
tions. The p{T) data in applied magnetic fields H = 
and H = 8 T closely superimpose, suggesting that spin- 
dependent scattering does not contribute significantly to 
the resistivity of these materials over the T range of the 
measurements. Plots of hip versus 1/T are shown in the 
insets of the respective figures. Extended linear regions 
are not found in these plots, which precludes the estima- 
tion of activation energies A in contrast to BaMn2As2 
crystals where A 30 meV was found from in-plane 
p(r) measurements.^^ 

The p{T) data for Fe-rich Ba(Mno.2Feo.8)2As2 in 



TABLE III: Mn and Fe contents of Ba(Mn:cFei_^)2As2 single 
crystals grown from a polycrystalline sample of nominal com- 
position Ba(Mno.5Feo.5)2As2 using Sn flux that was decanted 
using a centrifuge at either 700 or 900 °C, as listed, equivalent 
to a slow quench to room temperature from the respective 
temperature. The chemical composition was determined at 
up to six basal-plane spots on each crystal, as listed, using 
EDX analysis. Of eleven crystals examined for which the Sn 
was decanted at 900 °C (only five such crystals are shown in 
the table), none were found to be Fe-rich. Note that "Crystal- 
2" is an intergrowth of Mn-rich and Fe-rich crystals shown in 
the top panel of Fig. 6. 



Crystal 


Spot 


Mn-content 

X (%) 


Fe-content 
100 - X (%) 


Crystal-1 (700 °C) 


1 


8.7 ±0.9 


Remainder 




2 


8.4 ±0.9 


Remainder 


Crystal-2 (700 °C) 


1 


8.0 ±0.9 


Remainder 




2 


Remainder 


6.2 ±0.6 




3 


Remainder 


6.9 ±0.6 




4 


9± 1 


Remainder 


Crystal-3 (700 °C) 


1 


10.4 ± 0.6 


Remainder 




2 


8± 1 


Remainder 




3 


10 ± 1 


Remainder 




4 


9± 1 


Remainder 




5 


16 ± 1 


Remainder 




6 


15 ± 1 


Remainder 


Crystal-4 (900 °C) 


1 


Remainder 


9.7 ±0.6 




2 


Remainder 


10.5 ±0.5 




3 


Remainder 


9.7 ±0.5 




4 


Remainder 


9.8 ±0.5 


Crystal-5 (900 °C) 


1 


Remainder 


8.8 ±0.5 




2 


Remainder 


9.2 ±0.5 




3 


Remainder 


7.9 ±0.5 


Crystal-6 (900 °C) 


1 


Remainder 


10.8 ±0.5 




2 


Remainder 


10.4 ± 0.9 




3 


Remainder 


11.3 ±0.5 


Crystal-7 (900 °C) 


1 


Remainder 


9.8 ±0.5 




2 


Remainder 


9.1 ±0.5 




3 


Remainder 


10.1 ±0.5 


Crystal-8 (900 °C) 


1 


Remainder 


11.1 ±0.6 




2 


Remainder 


10.2 ± 0.9 




3 


Remainder 


8.5 ±0.5 



Fig. 7(b) show no obvious anomaly that might arise 
from a structural and/or antiferromagnetic (or spin den- 
sity wave SDW) transition below 300 K. We note 
that the results in Ref. 12 for single crystals of the 
Ba(Mna;Fei_a;)2As2 system with < a; < 0.176 show 
evidence for stripe SDW order for x — 0.176 below a 
possibly smeared-out Neel temperature Tn ~ 200 K [see 
Fig. 4(a) in Ref. 12] and with a T = ordered moment 
of 0.6 /iB per transition metal atom. On the other hand, 
our p(T) data in Fig. 7(a) for Ba(Mno.8Feo.2)2As2, near 
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FIG. 7; (Color online) Electrical resistivity p of single-phase 
quenched polycrystalline samples of (a) Ba(Mno.8Feo.2)2As2 
and (b) Ba(Mno.2Feo.8)2As2 versus temperature T measured 
in applied magnetic fields H — and 8 T. Insets: Inp versus 
l/T. 
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FIG. 8: (Color online) Magnetization M versus applied mag- 
netic field H isotherms at the indicated temperatures for 
single-phase polycrystalline Ba(Mno.8Feo.2)2As2 (top panel) 
and Ba(Mno.2Feo.8)2As2 (bottom panel). The solid lines are 
guides to the eye. 



the opposite Mn-rich end of the composition range, sug- 
gest that some type of phase transition may occur at 
T « 260 K. 



B. Magnetization and Magnetic Susceptibility 
Measurements 

Isothermal magnetization M versus fl measurements 
for the quenched single-phase polycrystalline samples of 
Ba(Mno.8Feo.2)2As2 and Ba(Mno.2Feo.8)2As2 are shown 
in Fig. 8 for the field range up to 5.5 T. The M data 
taken at various temperatures for both compositions are 
proportional to except for the data below 10 K where 
they exhibit slight nonlinear behaviors with negative cur- 
vature for fields below 2 T, which most likely arise from 
saturable paramagnetic impurities. We performed linear 
fits to the M{H) data in the field range 3 < 7? < 5.5 T 
for T < 10 K; the high-field slopes give independent val- 
ues of xC?^) of the materials below 10 K that are referred 



to below. 

The magnetic susceptibilities x = M/H versus tem- 
perature T measured in = 3 T for the quenched sam- 
ples of Ba(Mno.8Feo.2)2As2 and Ba(Mno.2Feo.8)2As2 are 
shown in Fig. 9, together with the values of the x{T) cal- 
culated as described above from the M{H) isotherms for 
T < 10 K. These latter values are similar to the values 
obtained in the respective M{T) scans at fixed H , demon- 
strating that the amounts of saturable impurities are al- 
most negligible in these samples. The positive slopes of 
X(r) for Ba(Mno.8Feo.2)2As2 and Ba(Mno.2Feo.8)2As2 at 
the higher temperatures are consistent with the similar 
behaviors reported in the paramagnetic states for sin- 
gle crystals of BaMn2As2 (Ref. 15) and BaFe2As2.26.28 
The upturns in x{T) for the samples below ~ 70-200 K 
may be due to the presence of nonsaturable paramag- 
netic impurities and/or magnetic defects, although as 
previously noted we did not detect any impurity phases 
in these samples from XRD measurements. There is no 
clear evidence from the x(2^) data for either sample for 
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FIG. 9: (Color online) Magnetic susceptibility x = M/H ver- 
sus temperature T of single-phase quenched polycrystalline 
Ba(Mno.8Feo.2)2As2 and Ba(Mno.2Feo.8)2As2 samples mea- 
sured in an applied magnetic field _ff = 3 T. Stars and as- 
terisks represent the low-temperature x values extracted at 
T < 10 K from M{H) isotherms for these two compounds, 
respectively. 



an anomaly in x(T) due a SDW and/or tetragonal-to- 
ortliorhombic transition. Such transitions are observed 
at « 137 K in undoped BaFe2As2.2^'^^ 

We note that consistent with the XRD data in 
Fig. 5(b) for the quenched (1400 °C to 77 K) sample 
of Ba(Mno.5Feo.5)2As2, our M{H,T) data for this sam- 
ple (not shown) indicated the presence of a substantial 
amount of ferromagnetic impurities. Hence, we did not 
attempt to extract x(T) from the M{H,T) data for this 
sample. 



C. Heat Capacity Measurements 

The temperature variation of the heat capacity 
at constant pressure (Cp) for the two single-phase 
quenched polycrystalline samples of Ba(Mno.2Feo.8)2As2 
and Ba(Mno.8Feo.2)2As2 are shown in Figs. 10 and 11, 
respectively. The measured value of Cp at T = 275 K 
is 129 and 130 J/mol K for Ba(Mno.2Feo.8)2As2 and 
Ba(Mno.8Feo.2)2As2, respectively. These values are close 
to, but a bit larger than, the classical Dulong-Petit heat 
capacity Cy = 15i? « 124.7 J/mol K expected for a crys- 
talline compound containing five atoms/f.u. The Cp(T) 
data for the two compounds show no evidence for any 
phase transitions in the temperature range of measure- 
ment. 

We fitted the low-temperature Cp(T) data in 
Figs. 10(b) and 11(b) using the expression 



^=7 + /3T^ 



(1) 



where 7 is the Sommerfeld coefficient of the electronic 
heat capacity and f3 is the coefficient of the Debye 
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FIG. 10; (Color online) (a) Heat capacity Cp versus temper- 
ature T (open circles) for a single-phase polcrystalline sample 
of Ba(Mno.2Feo.g)2As2 quenched from 1000 °C. Also shown 
are the Debye lattice heat capacity function Cv Dcbyc(r) ob- 
tained from Eq. (3), and Cy r>ohya{T) + yT , where the param- 
eters are the Debye temperature 0d = 265 K and 7 value 
determined from the low-temperature fit by Eq. (1) in (b). 



term for lattice heat capacity. The values of the fit- 
ting parameters and their error bars are given in the 
figures. The value of 7 reported by Singh et al. for 
BaMn2As2 is 0.0(4) mJ/mol K^.^^ The nonzero values of 
7 for Ba(Mno.8Feo.2)2As2 and Ba(Mno.2Feo.8)2As2 sug- 
gest metallic ground states. Indeed, our p{T) measure- 
ments indicate that the magnitude of the resistivities of 
Ba(Mno.8Feo.2)2As2 and Ba(Mno.2Feo.8)2As2 are signifi- 
cantly smaller than reported for BaMn2As2.^^ The Debye 
temperature Od is estimated using the expression^^ 



en = 



1/3 



(2) 



where n is the number of atoms per formula unit [n = 
5 in the present case of Ba(Mnj.Fei_a;)2As2] and R is 
the molar gas constant. The calculated values of Bd 
are about 265 K, somewhat larger than Bd = 246(4) K 
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FIG. 11: (Color online) The same types of heat capacity 
plots for Ba(Mno.8Feo.2)2As2 quenched from 1000 °C as for 
Ba(Mno.2Feo.8)2As2 in Fig. 10. 



reported for a single crystal of BaMn2As2.^^ 

The Debye lattice heat capacity function at constant 
volume per mole of atoms is^^ 



BaFe2As2 according to the thermodynamic relation 

Cp - Cv = VMPy{T)B{T)T, 

where is the molar volume, /3v is the volume thermal 
expansion coefficient, and B is the bulk modulus. For 
the 200-300 K temperature range, using the values /3v ~ 
4.8 X 10-^ K-\3i B = 66 X 10" dyne/cm^^s and Vm = 
61.5 cm'^/mol,^ we obtained 



Cn — C\ 



9.3 



mj 



molK^ 



T. (200 to 300 K) 



This prediction is similar in magnitude to the electronic 
contribution for the Mn-rich sample in Fig. 11(a) and 
is not sufficient to obtain agreement with both the mag- 
nitude and slope of the data near 300 K, especially for the 
Mn-rich sample, suggesting that at least one other con- 
tribution to the heat capacity is present. This additional 
heat capacity could arise from optic phonons and/or from 
magnetic excitations. 



V. PHYSICAL PROPERTIES OF SINGLE 
CRYSTALLINE Cr-, Fe- AND Sb-SUBSTITUTED 

BaMn2As2 

As noted previously in Sec. II, our attempts to 
grow single crystals of substituted Ba(Mni„a;r2;)2As2 
(T = Cr, Fe, Co, Ni, Cu, Ru, Rh, Pd, Re, Ft) and 
BaMn2(Asi_a;Sb^)2 using Sn flux were mostly unsuccess- 
ful. The only partially successful attempts were with 
Cr and Fe substitutions for Mn and Sb substitution for 
As, where we achieved 4.4%, ~ 10% and 2.6% substi- 
tutions, respectively. These concentrations were much 
smaller than present in the starting compositions of the 
crystal growth mixtures. Here we present in-plane p{T) 
and anisotropic x{T) measurements on such Cr-, Fe- and 
Sb-substituted crystals, which were found to be similar 
to the respective properties of unsubstituted BaMn2As2 
crystals. 



CDcbyc V = 9i? 



2^ \ 3 i'Qti/t x'^e^ 



Or 



D/ Jo 



(e^ - 1)' 



;dx. (3) 



A. Electrical Resistivity Measurements 



This function describes the heat capacity of acoustic 
phonons. The Cnebye wiT) is plotted in Figs. 10(a) 
and 11(a) using the value Od = 265 K determined in 
Figs. 10(b) and 11(b) and taking into account the five 
atoms per formula unit. Overall, the Debye function fits 
the data reasonably well, but a temperature dependence 
of 0D is evident from the comparison.'^" Also, the exper- 
imental data at the higher temperatures are above the 
Debye function, suggesting additional contributions. We 
added the respective electronic contributions to the 
Debye function, as shown in Figs. 10(a) and 11(a). The 
data are still above the calculated values at the high- 
est temperatures. Finally, we calculated the difference 
C'p ~ Cv for the lattice heat capacity for the compound 



The in-plane p{T) data for single crystals of 
Ba(Mno.9oiFeo.o99)2As2 and Ba(Mno.956Cro.o44)2As2 are 
shown in Fig. 12. The p{T) behaviors for both crystals 
exhibit monotonic increases with decreasing T below our 
high-temperature limit of 300 K. The resistance values 
below ^ 100 K became very large and exceeded the mea- 
surement limit of our instrument, indicating insulating 
ground states of the materials, similar to previous ob- 
servations on single-crystal BaMn2As2.^'*'^^ An applied 
magnetic field of 8 T resulted in no significant change in 
p{T) for either sample, as shown. 

The insets of the two panels in Fig. 12 show Inp versus 
l/T. The data in each inset suggest two quasi-linear re- 
gions, as shown by the two straight red lines. The data in 
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FIG. 12: (Color online) In-plane electrical resistivity p versus 
temperature T of single crystals of Ba(Mno.9oiFeo.o99)2As2 
(top panel) and Ba(Mno.956Cro.o44)2As2 (bottom panel) in 
applied magnetic fields H = and 8 T. Inset of each panel: 
Inp versus l/T at _ff = T. The two solid lines in the upper 
inset are fits of the data by the expression Inp = A+A/T over 
the temperature ranges 100-130 and 250-300 K, which yield 
activation energies A = 19 and 156 meV, respectively. In the 
lower inset, the data were fitted from 120-150 and 250-300 K, 
as shown, yielding A = 54 and 197 meV, respectively. 



these regions follow Inp = A + A/k-sT, where A is a con- 
stant, A is the activation energy and kB is Boltzmann's 
constant. The fitted values of the activation energies 
in the lowest and highest-T regions for each sample are 
given in the figure caption. The larger value for each sam- 
ple can probably be interpreted as the intrinsic activation 
energy while the smaller one may be the energy gap be- 
tween donor or acceptor energy levels and a conduction or 
valence band, respectively."^^ These observations suggest 
that similar to BaMn2As2,"'^^ Ba(Mno.9oiFeo.o99)2As2 and 
Ba(Mno.956Cro.o44)2As2 are small-band-gap semiconduc- 
tors. 
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FIG. 13: (Color online) Isothermal magnetization Al ver- 
sus applied magnetic field H in the ab plane (top panel) 
and along the c axis (bottom panel) for a single crystal of 
Ba(Mno.90iFeo.o99)2As2. 



B. Magnetization and Magnetic Susceptibility 
Measurements 



Shown in Figs. 13, 14 and 15 are M{H) isotherms 
at temperatures from 1.8 to 300 K for single crystals 
of Ba(Mno. 90iFeo. 099)2 As2, Ba(Mno.956Cro.o44)2As2 and 
BaMn2(Aso.974Sbo. 025)2, respectively. For each com- 
pound M is proportional to i?, except for tempera- 
tures T < 10 K where the data sometimes exhibit non- 
linear behavior at fields below ~ 2 T. These data 
are similar to the above-discussed M {H, T) data for 
quenched polycrystalline samples of Ba(Mno.8Feo.2)2As2 
and Ba(Mno.2Feo.8)2As2, and indicate the absence of sig- 
nificant amounts of ferromagnetic or saturable param- 
agnetic impurities in the samples. In particular, the 
problematic relatively large amounts of ferromagnetic 
MnAs impurities present in BaMn2As2 crystals studied 
previously^^ are not present in the present lightly substi- 
tuted crystals. 

Shown in Fig. 16 is the anisotropic temperature 
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FIG. 14: (Color online) Anisotropic magnetization M versus 
applied magnetic field H isotherms at the indicated temper- 
atures for Ba(Mno. gseCro. 044)2 As2. The magnetic field was 
applied either in the ab plane (top panel) or along the c axis 
(bottom panel). 
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FIG. 15: (Color online) Anisotropic magnetization M versus 
applied magnetic field H isotherms at the indicated temper- 
atures for BaMn2(Aso.974Sbo. 025)2. The magnetic field was 
applied either in the ah plane (top panel) or along the c axis 
(bottom panel). 



VI. SUMMARY AND CONCLUSIONS 



variation of the magnetic susceptibility x = M/H 
of the Ba(Mno.9oiFeo.o99)2As2, Ba(Mno.956Cro.o44)2As2 
and BaMn2(Aso.974Sbo. 026)2 single crystals. The suscep- 
tibilities obtained as the slopes of the high-field linear 
part of the M{H) isotherms for temperatures < 10 K, in 
the field range of 3-5.5 T, are also plotted as distinct sym- 
bols in Fig. 16. Similar to data for undoped BaMn2As2 
(Ref. 15) that are also shown in the figure, the in-plane 
susceptibility Xab ^ 1-5 x 10"'^ cm^/mol is nearly inde- 
pendent of T over the whole T range of the measurement 
for all our crystals. In contrast, the c axis susceptibility 
Xc generally decreases monotonically with decreasing T 
below 300 K. These observations indicate that our sub- 
stituted crystals have magnetic properties very similar to 
those of unsubstituted BaMn2As2 and therefore that the 
former substituted crystals are antiferromagnetically or- 
dered with Neel temperatures Tn far above room temper- 
ature, where Tn = 625 K for unsubstituted BaMn2As2.^^ 



From our room-temperature powder XRD measure- 
ments of polycrystalline Ba(Mna;Fei_a;)2As2 samples 
slow-cooled from 1000 °C, we discovered a miscibility gap 
at 300 K with a composition range 0.12 ^ x < 1. How- 
ever, the miscibility gap becomes narrower at higher tem- 
peratures. For samples quenched into liquid nitrogen 
from 1000 °C, the miscibility gap narrows to the con- 
centration region 0.2 ^ x < 0.8. The quenched sam- 
ples of Ba(Mna;Fei_j,)2As2 with x = 0.4, 0.5 and 0.6 
contain a single 122-type phase but also contain signif- 
icant amounts of impurities, mainly Fei-^jMn^jAs and 
FeAs2. These latter results suggest that the equilibrium 
phase diagram between BaMn2As2 and BaFe2As2 is not 
pseudo-binary in nature near the middle of the composi- 
tion range. 

Electrical resistivity measurements suggest 
that our single-phase quenched polycrystalline 
Ba(Mno.8Feo.2)2As2 and Ba(Mno.2Feo.8)2As2 samples 
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FIG. 16: (Color online) Magnetic susceptibilities Xab and Xc 
in the ab plane and along the c axis, respectively, of single 
crystals of Ba(Mno.9oiFeo.o99)2As2, Ba(Mno.956Cro.o44)2As2 
and BaMn2(Aso.974Sbo. 026)2 versus temperature in an apphed 
magnetic field with magnitude H = 2-3 T. Stars and aster- 
isks represent the low temperature (T < 10 K) values of Xab 
and Xc, respectively, extracted from M{H) isotherms. For 
the Sb-doped and Cr-doped crystals, the spurious noise and 
discontinuities in the magnitude and slope of the data for 
H\\c at about 140 K and 230 K, respectively, are due to a de- 
fect in the Quantum Design SQUID magnetometer magnetic 
moment evaluation software that occurs when the magnetic 
moment of the sample plus sample holder passes through zero 
(here the sample holder is diamagnetic and has been corrected 
for in the figure). The anisotropic x{T) data for a single 
crystal of BaMn2As2 obtained by Singh et al. (Ref. 15) are 
included for comparison. 



are not metallic, but we caution that reliable resistivity 
data on such materials can only be obtained using single 
crystals. Indeed, our heat capacity measurements on 
these two samples reveal significant linear terms at low 
temperatures, suggesting metallic ground states. Our 
M (H) measurements show that the quenched samples 
of Ba(Mno.8Feo.2)2As2 and Ba(Mno.2Feo.8)2As2 do not 
contain ferromagnetic impurities. The magnitudes and 
temperature dependences of x around room temperature 
for these compositions are qualitatively consistent with 
those reported for BaMn2As2 and BaFe2As2. The 
resistivity data, but not the susceptibility data, for 



Ba(Mno.8Feo.2)2As2 suggest that some sort of phase 
transition may take place at about 260 K. Furthermore, 
heat capacity data for both Ba(Mno.8Feo.2)2As2 and 
Ba(Mno.2Feo.8)2As2 show no evidence for any phase 
transitions from 2 to 280 K. These Cp(T) data sug- 
gest that optical phonon excitations and/or magnetic 
excitations become important near and above room 
temperature. 

Since the x{T), p{T) and Cp(T) data for 
Ba(Mno.2Feo.8)2As2 do not show any anomalies be- 
low 300 K, these data suggest that the substitution 
of 20% of the Fe by Mn in BaFe2As2 suppresses the 
tetragonal-to-orthorhombic and SDW transitions that 
are observed in BaFe2As2. However, the recent work 
of Kim et al. found that 17.6% substitution of Fe by 
Mn suppresses the crystallographic transition, but not 
the SDW transition which still occurs at Tn < 200 K.^^ 
Furthermore, this study reported inflection points in 
the temperature dependences of the resistivities of their 
single crystal samples with < x < 0.176 that occurred 
at the respective composition-dependent temperatures 
of the structural/magnetic transition. Our resistivity 
measurement on polycrystalline Ba(Mno.2Feo.8)2As2 
in Fig. 7(b) did not show any evidence for such an 
inflection point. It is not clear why our measurements 
on polycrystalline Ba(Mno.2Feo.8)2As2 do not show 
behaviors similar to those reported for single crystals at 
similar compositions. 

We attempted to grow single crystals of substituted 
BaMn2As2 out of Sn flux. However, substitution of Mn 
by Co, Ni, Cu, Ru, Rh, Pd, Re and Pt did not occur 
in concentrations greater than 0.5% except for 4.4% and 
^ 10% substitutions in the case of Cr and Fe, respec- 
tively, and 2.6% substitution of As by Sb. The magnetic 
properties of Fe-, Cr- and Sb-substituted BaMn2As2 crys- 
tals are similar to those of pure BaMn2As2. 
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